CluePedia

Documentation

Gabriela Bindea, Bernhard Mlecnik
Laboratory of Integrative Cancer Immunology
INSERM U872 Cordeliers Research Center

Paris, France



Contents

Summary . . . . . .. e e e e e 2
Imstallation . . . . . . . . ... 4
Documentation . . . . . . . .. ... 5
CluePedia Panels . . . . . . . . . . . . . 5
CluePedia functionality . . . . . . . . . . . . . . . . e 7
Gene/miRNA expression visualization/saving options . . . . . . . . . ... ... .... 7

Use Cerebral layout. . . . . . . . . . . . .. ... .. . e 8

Expression data visualization . . . . . . . .. ... ... ... ... ..., 9

Close expression dataset . . . . . . .. ... .. ... ... 13

Expression data extraction . . . . . . . . .. ... oL 13

Save all selected genes . . . . . . . . . . . ... 14
Gene/Interaction Enrichment Options . . . . . . ... ... ... ... ... .... 14
Enrich (Find new associations for an initial set of markers) . . . . . . ... ... 15

Add (Include a new set of markers to the current selection) . . . . .. ... ... 17

Remove (Discard enriched/added markers) . . .. ... ... .. ........ 17

Network update (Refresh the network view with selected options) . . . . . . .. 17

Interactions . . . . . . . .. 17
Known interactions . . . . . . . . . . . L 18

Interactions from customdata . . . . . . ... ... 18

Implemented statistical tests . . . . . . . .. ... ... ... ... 20

Interactions visualization (edges) . . . . . . . . . . ... 22
Edgescores . . . . . . . L 22

Edge actions . . . . . . . . . . ... 23



Undirected edge filters . . . . . . . . . . . . ... ... .. 23

Directed edge filters . . . . . . . . . .. 25

Download interactions for other organisms/Update interactions . . . . . . .. ... ... 26
ClueGO+CluePedia functionality . . . . . . . . . . . . . . . . . i 26
Expand pathways in nested networks . . . . . . . . ... ... ... ... .. ... ... 26
Extract from pathways genes interracting with genes from initial list . . . . . . . . . .. 27

How to... . . . . . . e 33
Visualize known interactions . . . . . . . . . . ... e 33
Calculate interactions between markers using experimental data . . . . . . . ... ... 34
Make gene/miRNA enrichment . . . . . . . ... ... ... ... ... ......... 36

Find functions that could be affected by miRNAs . . . . . .. ... ... ... ..... 38
Enrich a network showing two lists of genes/miRNAs . . . . . ... ... ... .. ... 40
Switch the network and pathway-like view . . . . . . .. ... ... ... ... ... .. 40
Upload new available example and ontology files or new organisms . . . . . ... ... 41

See node and edge attributes . . . . . .. ... 0oL L oL 42
Dataformat . . . . . . . . . . 42
Publicly available expressiondata . . . . . .. ... ... ... ... ... ......... 43
Organismand ID types . . . . . . . . . . . ... 44
Update Ontologies and Interactiondata . . . . . . ... ... ... ... .......... 44
Ontologies and in silico datasources . . . . . . . . . . ... ... ... ... ... ..., 46
Bibliography . . . . . . . .. 49



Summary

CluePedia provides insights into pathways by integrating experimental and in silico informa-
tion.

CluePedia extends ClueGO [1] functionality down to genes and miRNAs. If ClueGO re-
veals interrelations of terms and functional groups in biological networks, CluePedia gives the
posibility to enrich those networks with known and experimental data.

CluePedia calculates statistical dependencies (correlation) for markers of interest from ex-
perimental data. Four tests investigating linear and nonlinear dependencies between variables
are implemented: Pearson correlation, Spearman’s rank, Distance correlation ([2]) and Maximal
Information Coefficient (MIC) ([3]). The resulting file is added to CluePedia as an additional
resource for further analysis.

Experimental data can be normalized and visualized between adjustable thresholds on net-
work’s nodes as a label. Relevant signals with a certain expression level, standard deviation
and without missing values can be selected. Another feature allows the extraction of expression
corresponding to selected markers, e.g. genes associated with a pathway, from a dataset into a
new file.

One major advantage is the possibility to investigate in detail a pathway by combining
known [4, 5] and new, experimental derived information, about genes/proteins involved. More,
miRNAs [6, 7] that could influence the expression of the genes can be as well visualized to-
gether with the expression data. The location of the genes/proteins [8, 9] within cellular com-
partments can be automatically displayed, by the implementation of Cerebral [10] layout within
CluePedia.

CluePedia provides an ID index file (updatable, extendable) that stores entrez gene ids and
symbols and allows fast analysis.

Both plugins, CluePedia and ClueGO, take advantage of Cytoscape’s [11] versatile visual-
ization framework.

Table 1 summarizes CluePedia features in comparison with ClueGO.



ClueGO v.1.3

ClueGO v.1.5

CluePedia v.1.0

1. Requirements 512MB RAM (1024 MB |512MB RAM (1024 MB 2048MB RAM (4096 MB RAM
RAM recom.). Hard disk: | RAM recom.). Hard disk: recom.). Java 1.6. Cytoscape 2.8.3,
>100MB free. Java 1.5+ |>100MB free. Java 1.6. -Xmx4096m
(1.6 recom.). Cytoscape | Cytoscape 2.8.3,
2.6.+, -Xmx1024m -Xmx1024m

Dependencies Cytoscape Cytoscape Cytoscape. ClueGO v1.5.
II. Organisms 15 organisms 23 organisms 17 organisms
Ids Gene, protein ids Automatic detection of id Automatic detection of id types
types

II1. Analysis Type Functions. Single. Functions. Single. Genes. Single. Comparison

Comparison Comparison
Functional analysis | YES YES YES, in combination with ClueGO
Analysis from NO NO Extract corresponding data for
custom data network genes from external files.
Expression and Correlation modules.
Enrich and Add genes/miRNAs
Stats Fisher Exact Test. Fisher Exact Test. MIC: Maximal Information
Reference: Selected Reference: Selected Coefficient’, Pearson, Spearman and
Ontologies Ontologies. Predefined IDs. | Distance’ correlation,
Custom Set
IV. Visualization Network of terms. Charts. | Network of terms. Charts. | List of found genes with synonym
Types Tables Tables ids. Networks of: genes, genes and
terms, genes and miRNAs, genes
with expression data. Nested
networks for a pathway/GO term.
Pathway view. Edge actions with
directed links. Tables
Edges Kappa Score Kappa Score Kappa Score. Scored edges. Custom
correlation calculated from
expression data
Edge Scores® NO NO Coexpression, combined score, co-
occurence, database, experimental,
fusion, neighorhood, textmining
Edge Actions® NO NO Activation, binding, expression,
ptmod
Layout Organic Organic Organic. Cerebral
Set Network YES. GO level. #,% YES. GO level. #,% YES. Edges scores/actions
Specificity genes/term. Kappa score |genes/term. Kappa score
level. # of terms/group level. # of terms/group
V. Ontologies/ GO, GOSlim. KEGG. GO?, GOSlim. KEGG®. Interaction data®. miRNA binding site
Data sources Reactome Reactome'. PO Plants®™. predictions®’
CORUM" SGDY, Experimental data
Cyc2008'8, MetaCyc*®
Specific GO NO YES. Created from a root NO
GO ID
VI Automatic Update |GO. KEGG GO. KEGG. Reactome. Interaction data and miRNA
Annotation, Custom GO, predictions from ICI site
GOSlim, PO
Combinations GOlorize GOlorize GOlorize. Cerebral
Memory bar NO YES YES




Installation

System Requirements:

e Windows, Linux, Unix or MacOS operating system.

2048MB RAM needed, 4096 MB RAM recommended. Hard disk with at least 1Gb free.

Java 1.5+ needed, Java 1.6 recommended.

Cytoscape 2.8.+ installed, with -Xmx4096m option in the start up file (.sh/.path).

ClueGO plugin 1.5.+ installed.

Optional: Cerebral plugin installed.

CluePedia is a Cytoscape plugin and works together with ClueGO plugin, thus it is necessary
to copy both, CluePediaPlugin.jar and ClueGOPlugin.jar in the plugins folder of Cytoscape.
CluePedia: http://www.ici.upmc.fr/cluepedia/cluepediaDownload.shtml.

ClueGO: http://www.ici.upmc.fr/cluego/cluegoDownload.shtml

For a pathway-like view of functional terms, Cerebral plugin jars (cerebral2.8.2.jar, prefuse.jar)
should be downloaded in the plugins folder of Cytoscape.
Cerebral: http://pathogenomics.ca/cerebral/download.html

CluePedia and ClueGO source files will be stored in the .cluegoplugin folder. This folder
is created in the user home folder at the first startup. If this folder is removed or the content
damaged, it will be recreated automatically at the next startup, with the initial configuration.

CluePedia will take at the first run several minutes to initialize.

For miRNA analysis, please download intially available miRNA annotations (See Upload

new available example and ontology files or new organisms).


http://www.ici.upmc.fr/cluepedia/cluepediaDownload.shtml
http://www.ici.upmc.fr/cluego/cluegoDownload.shtml
http://pathogenomics.ca/cerebral/download.html

Documentation

After starting Cytoscape, CluePedia and ClueGO can be found under the Plugins menu (Fig 1).

Start ClueGO+CluePedia plugins

Figure 1: Start ClueGO+CluePedia Plugins

CluePedia (Fig 2) can be accessed by selecting Gene analysis mode:

e The two analysis modes: Functional analysis (ClueGO) and Gene based analysis (Clue-

Pedia); can be used in combination.
e Single and compared cluster analysis type are available for both analysis modes.
e The ID type is automatically identified for supported organisms.
e The identifies can be uploaded from File, Text Field or from an opened Network.

e Start. Genes are mapped against the ID index file. The extracted info is displayed in Gene

Info Panel. Genes are shown as nodes of the network.

e Cytoscape Free Memory Bar estimates the remaining memory for Cytoscape
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Figure 2: CluePedia-ClueGO selection Panel, Gene/miRNA based analysis

CluePedia Panels

After mapping a set of genes, a Gene network, a Gene info and a CluePedia panels are created

(Fig 3).
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Figure 3: CluePedia Panels

Gene Info Panel:

e Shows EntrezGenelD, symbol and gene aliases for found genes.

e Not found genes are listed as well.



e Gene information can be directly saved (copy/paste) or using Cytoscape features, from

the Node attribute table.
e Close Gene Network. Closes the network and associated tables.

CluePedia Panel:

Figure 4: CluePedia Panel

CluePedia functionality

CluePedia panel (Fig 4) contains visualization and statistical options.

I. Gene/miRNA expression visualization/saving options.
This function includes the cellular location layout and the experimental data selection,

extraction, normalization and visualization.

II. Gene/Interaction Enrichment Options.
Includes files with interaction and prediction scores.
CluePedia built-in statistical tests for calculating correlation weights from custom data.
Scores and directed and undirected edges refinement options.

Nodes and edges enrichment, adding, removing and update features.

I. Gene/miRNA expression visualization/saving options

Provides the following options (from left to right):

1. Use Cerebral layout



2. Show expression data

3. Open expression dataset

4. Close expression dataset

5. Extract selected genes from dataset

6. Save all selected genes

Gene/miR visualization/saving options

Use Cerebral Layout Show expression data o s (@
- = ElERZIC)

Figure 5: Expression visualization options

Use Cerebral layout

The cellular localization of the genes is automatically extracted during the mapping of the genes.
The source of annotation is Cellular Component, Gene Ontology (GO) [8].

6 cellular compartments were defined: 1.Extracellular, 2.Plasma membrane, 3.Intra Cellu-

lar, 4.Nuclear Membrane, 5.Nucleus, 6. Transcription Factor Complex.
Each of those compartments summarizes a set of GO terms related to the cellular area de-
scribed. For instance, the compartment Nucleus contains: nuclear part (GO:0044428), nucle-
olus (GO:0005730), nucleolar part (GO:0044452). The numbers show the order in which the
layer are drawn.

Following the provided pattern, the user can change the source of annotation, include other
GO terms in the existing cellular compartments or add new categories and complexes in .prop-
erties file.

If a gene is located in several compartments, those levels will be displayed together as a new
category.

The visualization of the cellular location is done using the Cerebral layout (Fig 6).
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Figure 6: Found Genes in cellular compartments

Improvements starting with CluePedia v1.7
The cellular compartments were better defined by increasing the number of associated GO
terms. Like this, a higher number of markers are mapped.
In comparison to previous CluePedia versions, in which the not mapped markers were randomly
associated with a compartment, now they are placed in a “annotation definition not found”
group. This group is placed at the exterior of the other compartments. The user can verify the

not mapped markers and add the eventually missing GO terms in the .properties file.

O recine O 0.Annotation definition not found in 'Homo Sapiens properties' file
WORSE C12orfad
O O 1.Extracellular
O GNLY ILe
THFRSFEE O
POCOLLG2 e 9 1Extracelular, 2 Plasma Mermbrane
CHCLLO [ ICAML

O 1 Extracellular, 2 Plasma Membrane, 3 Intra Cellular

O Q WCAML
THF Cx3CLL
O 2 Plasma Membrane
0 Q@
PDCOL MADCAML
: 3.Intra Cellular
TEX21
O STATL 3.ntra Cellular, 5.Mucleus

IRF1

Figure 7: Found Genes in cellular compartments, CluePedia v1.7+



Expression data visualization

Expression data can be visualized as a node label (Show expression data).

After opening the custom file with expression data, the number of found genes and exper-
iments/time points is shown. Several visualization options are available for the user. If two or
more filters are set, only genes passing all filters will be visualized (AND relationship). The

filtering and the normalization are done with the complete dataset.

[c 8 CluePedia Expression Data Theshold x X

Sslact input fils (Exprassion mapping will bs dans on rows)

a_normalColonMucosa,txt Open

Found Genss: 21446 | Found TimeP cirts/Expariments: 22

Dataset filter options

oF

[] Mumber of experiments present == 22
|| standard deviation ==

[] Mumber of experimerts ta pass: 12 B

Upper thrasheld: = 2] () within threshold
Lower thresheld 05 @ beyendthrashold
Test

Specify the Exreriments to Display and the Color Scherna

Select Exparimentsto Display:  Color schema options:

Al [ v
. | Maxirmum Positive Ex... | ¥ [l
Max sxprassion lavel 15 5

v V] Hormalize

() whole input file (®) selected nodes

Start Exprassion D ataset Mapping

Update

Figure 8: Expression data visualization. Filters

Filters allow for a fast investigation of the entire dataset. The user can discard genes with
missing values, see which are the genes most changing in different experiments, or select genes

with a certain level of expression.

e Number of experiments present >=
Specifies the minimum number of experiments with data for a gene to be selected. Genes
with more missing values than the threshold will be discarded. (Fig 9a). E.g. If the

number of experiments present is set 6, 3 out of 5 genes will be selected.

e Standard deviation >=
Selects the genes having the standard deviation bigger than the set threshold. Genes that

change most over the experiments could be visualized.
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e Number of experiments to pass:
Selects genes with a specified expression level. E.g. If the expression of a gene ranges
from -5 to 5 in a set of 6 experiments. The number of experiments to pass a threshold set
to 3 is 4 (within threshold, -3 < expression < 3) and 2 (beyond threshold, expression <

-3, expression > 3) (Fig 9b).

beyond
o threshold

upper

threshold 3
Expl Exp2 Exp3 Expd Exp5 Exp6 ©
Genel 582 589 617 432 525 582 selected
Gene2 523 MNal  MNaN NalN | 4.86  0.00 notselected within o 0
Gene3 380 374 414 453 459 380 selected threshold
Gened 270 258 255 256 264 000 selected
Gene5 571 647 MNaN 275  2.96 571 notselected o °
lower
threshold ° -3
beyond
threshold
a) b)

Figure 9: Expression filters example

The user can select and visualize one or several experimental conditions.

Data can be normalized. The normalization is calculated as mean substraction divided by
the standard deviation.

Several customizable color schema are available.

The user can set the max level of the visualized expression data. This absolute value will
define the upper and lower threshold of the visualized expression interval.

The filtering and the normalization can be applied to the entire data set or the selected genes
only. For a general exploration, is recommended to create an expression matrix from the entire
dataset. This process is done once and can be used to investigate e.g. a large network, as long
there is enough memory. The other option, the extraction and visualization of selected genes
only is less memory consuming. In this case, the extraction, normalization of the data has to be
done again if other genes are of interest.

Example of normalized expression (Fig 10) using normal colon mucosa data. All selected

experiments and all spots corresponding to a gene will be displayed as a node label.
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Figure 10: Normalised expression for test genes

Spots with expression > 3 for at least 12 out of 22 samples were kept. Maximum expression
level visualized was 1.5. Expression label is missing for low expressed genes.

Improvements of the expression data upload available starting with CluePedia v1.7
Files containing one or several columns with identifiers can be imported. The order of identifier
columns in the file is not important. Important is that one of those columns contains unique

identifiers (no duplicate ids).

e . CluePedia Expression Data Theshold o @
Select input file (Expression mapping will be done on rows]

{AMPLE_expressionData. byt Open

Found Genes: 21446 | Found TimeP sints/E xperiments: 22

Specify the Columns to Import

Salact axparimants: Salact UnigualD Column:

NAME v
Import

Dataset fiter options

[J Mumber of experiments present == 12
[ Standard devistion == 0
[] Mumber of experimerts to pass: Tl
o &) (U withinthreshold
hold: [ 0 B ®) beyond thrashold
——

Specify the Experiments to Display and the Color Schema

(®) selected nodes

Start Expression Dataset Mapping

Start

Figure 11: CluePedia (v1.7+) expression data filters

The column names should be unique as well. All columns containing numerical data will
be considered as experiments. When analyzing the entire dataset, it is important to exclude

numerical identifiers e.g. entrezGenelDs.
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The user has to choose the column with unique identifiers (in the example, the column "NAME”)
that will be used to map and select markers. Further, the user can select, analyse and visualize
all expression data or just a part of it. Like this, it is possible to investigate from a large dataset
one or several experimental time points of interest.

Expression data from zip archives can be uploaded starting with CluePedia v1.7.1 (Fig 12).
For example, GEO expression matrix downloaded as zip archive can be uploaded in CluePedia
and directly used for correlation calculation or expression data visualization. CluePedia selects

automatically the data matrix. Commentary lines (marked with !””) are excluded.

o . CluePedia Expression Data Theshold % &
Select input file (Expression mapping will be done on rows)

E8671_series_matrix.txt. gz Open

Found Genes: 54675 | All Found TimeF sints/Experiments: £4

Spacify the Columns to Impart

Select UniquelD Column

4| |ID_REF v
GSMZIS054 |» Impaort

Dataset filter options

() Mumber of experiments presert == 3 [
|_J standard devisti
(] Mumber of experiments to pass R

Upper thresheld: 0 B3 () within thrashold

Lower thrashold: [ 3 @ beyondthreshold
Test 54675 geres out of 54675 (100%) passad!

Sp=cify the Expariments to Display and the Color Scherma

Select Experimerts to Display: Color schema options:

[ v
s uimumrestvezzer VIl

Max axprassion lavk 1R
] Mermalize

Create expression mapping for:

() Whols input fils (®) Selectad nodes

Start Exprassion D ataset Mapping

Update

Figure 12: CluePedia v1.7.1: expression data uploaded from zip archive

Close expression dataset

If not needed anymore, the expression dataset should be closed. Closing the file increases the

free Cytoscape memory.
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Expression data extraction

The expression corresponding to selected genes can be extracted from an input file (Fig 13).
The info will be saved in the output file. If the input file contains several spots for a gene, all

will be extracted. The number of found and not found genes is displayed in a dialog.

[c NS Extract Selected Genes From Dataset File 2 &
Select gene expression data input file

open in file

Select sutput fil name for extracked gene data

Open out file

Start gane data sxtraction

Start

Figure 13: Expression extraction

Save all selected genes

Information about selected genes can be saved. Beside the symbol, entrezGenelD and syn-
onyms, the file contains also the origin of the gene, if it was included in the initial gene list or
added/enriched afterwards. The functions in which each gene is involved are mentioned. This

involves a ClueGO functional analysis.

NAME EntrezGenelD Aliases Qrigin Functions
CEACAM? 1087 [CEA, CGM2] Enriched Gene

DCH 1634 [CSCD, DSPG2, PGAD, PGIl, PGS2, SLRR1E] Enriched Gene

HLA-B 3106 [AS, HLAB, MGC111087, SPDAL] Enriched Gene

KRTS 3852 [CKS, DDD, EBS2, K5, KRT5A] Initial Gene

MY C 4609 [MRTL, hHLHe39, c-Myc Initial Gene

TP53 7157 [FL192943, LFS1, P53, TRP53] Initial Gene

Figure 14: Save Gene Info

I1. Gene/Interaction Enrichment Options

Gene/Interaction Enrichment Options

g Edga Link Flles e) @ i & Cmrn ) Cpmwi (] Merge Scores  Undiracted Edges f) Directed Edges ST = = a)
M CluePedia_STRING-ACTIONS vS_9606_09.03.2012.txt 4||[Jcombined_score [ 05 ) [Jactivation o Enrich
] CluePedia_STRING-COEXPRESSION-SCORE_v8_9606_09.03.2012.hat Ty|Crearso uePedia_affyData_SD5_0... o5 E5fill (lbinding ] | ad
)  ClusPedia_STRING-COMBINED-5CORE_vS_9606_09.03.2012.txt Distance correlation - MYC_\ - MYC o 3l Oexpression TR )
(] CluePedia_STRING-COOCURENCE-SCORE_vS_9606_09.03.2012.txt [JPearson's r - MYC_vs_All - MYC vs whole i.., o5 8 (Jptmod Tl | Remove |
] CluePedia_STRING-DATABASE-SCORE_vS_§606_09.03.201 2.0 ¥ |3 uTR_(1-Pvalue) 3= | | Update |
b) c) il]

Figure 15: Gene/interactions enrichment options
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a) Network manipulation options

e Enrich
e Add
e Remove

e Network update
b) Interaction data files
c) Edge scores
d) Edge actions
e) Undirected edge filters
f) Directed edge filters

g) Advanced options

Enrich (Find new associations for an initial set of markers)

[ X® CluePedia Gene Enrichment
Do snrichmart for:

(®) all selected genes () Each selected gene () Hubs
Enrichment specificty selections

® Al () Common () specific
Thrashold selections

3 [4] #07GanesToEnich stat |

Start Gene Enrichment

Figure 16: Enrichment dialog

Includes in the network genes close related to the selected gene/genes. The user selects the

file/files with interactions based on which the enrichment is made. The number of enriched

genes and their color can be set by the user. The enrichment dialog can be opened using the

right mouse button.

15



If the enrichment is made for multiple genes, a data store containing all possible interactions
of those genes is created. Interaction scores are extracted from all source files selected. The
enrichment can be done for all or for each of the initial genes. In the first case, after sorting
all interaction scores, the top ones are included in the network. Several criteria (All, Common,
Specific) can be used to refine the selection (Fig 16). Similarly, interaction scores corresponding
to each gene are sorted to select top related genes. The initial network will include different
enriched genes, depending on the enrichment options selected. A comparison of the possible

enrichment results can be seen in the Fig 17.

Enrich with top 2 genes

Interaction All selected genes Each selected gene
scores
Enriched Top Enriched Top
_ genes scored genes scored
i1 el i (—| e6| X, il —»el| XX
e2 i2 »-| 2 X il |—»fe2 X
€3 3 el i1 |—» e3
i2 el i4 | —p| €2 12 | e—( o2
e2 i1 —|e1| x i2 |[—»lel]| XX
€5 | | il —»|e2 i2 |[—> e5
i3 ed i1 | —>| €3 i3 |—| ed| X
e5 i2 —|el| X i3|— »le5| x
el i2 | —»|e5 i3 |—el| x
i4 el I3 |—e5 4 | w— €6| X,
§ Eez I3 —fel| X i4 |—fe2| x
6 i4 —|el| x ig |—» 21| x
; a) All: e6, e2 a) All: el, e2, ed, €5, e6
Enrichment b \Stp iy ==
result ™ b) Common: el b) Common: el
©) 1e6,e4 ) 1e3,ed,eb6

Figure 17: Enrichment examples

If the enrichment is made in a network of terms and genes, the enriched genes that are
known to be involved in one of the functions will be automatically linked to it and displayed in

the same color.

Gene/interaction Enrichment Options

B Edge Link Files © @ A1

Figure 18: Positive/negative edge score selection
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Improvements of the enrichment starting with CluePedia v1.7
Highly connected markers (hubs) with selected genes can be added to the network/pathway
using the enrichment function (Fig 16). Positive and negative interaction scores can be selected
and visualized on the network (Fig 18).

Add (Include a new set of markers to the current selection)

B ) Add Genes/miRs g &

F aste Gene IDs/S ymbals andior miRNAs (

CXCR4

Figure 19: Add

Allows to include genes/miRNAs of interest in the network (Fig 19). The user can test if
the IDs are found in the ID index file, and then add them on the network. The color of nodes
representing added genes can be set by the user.

Remove (Discard enriched/added markers)

Selected genes/miRNAs (markers from initial list as well as added and enriched markers) or
enriched genes/miRNAs (enriched and added markers only) can be removed from the network

(Fig 20).

Enrichment spacificy selections

Figure 20: Remove

Network update (Refresh the network view with selected options)

Applies on the network the latest settings of the user.
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Interactions

Markers can be linked using in silico or/and experimental derived information. CluePedia
comes with known human and mouse interaction data. The user can create his own interac-

tion files using experimental data (see Edge files, advanced options).

Known interactions

Files with known interaction are based on publicly available data from STRING, miRBase and
miRRecords and other resources (Ontologies and in silico data sources section). Separate files
are created for miRNA binding site predictions, validated binding sites as well as for each
type of STRING described associations: actions, coexpression, combined score, coocurence,
database score, experimental, fusion, neighborhood, textmining. The name of each file contains
the type of the association, the version of the database used, the organism and the date when the
file was compiled. Files can be used independently or simultaneously (depending on the free

Cytoscape memory).

b)c) a) d) ¢)
@ Cusredi STAING ACTONS 10 9606 03,03 301253 :

[ ¢ CluePedia_STRING-COEXPRESSION-SCORE v9_9606_09.03,2012.txt.g2
@) CluePedia_STRING-COMBINED-SCORE_v3_9606_09.03.2012.txt.gz

@) CluePedia_STRING-COOCURENCE-SCORE_v9_9606_09.03.2012.txt.gz
@] CluePedia_STRING-DATABASE-SCORE_va_9606_09.03.2012.txt.q2 v

Figure 21: Interaction files and scores

Precompiled files available are listed (Fig 21a). Each file is loaded after selection (Fig 21b).
If not needed anymore, the file should be closed (for more Cytoscape free memory) (Fig 21c¢).
The file can be deleted using right mouse button. If a provided file is deleted (by mistake), it

will be restored at the next run of the plugin.

Interactions from custom data

Experimental data (affymetrix, tissue microarray, FACS etc) can be used to visualize gene-
gene/protein-protein interactions. For data format see Data format.

The interactions can be calculated using the ’Create custom file” feature (Fig 22).
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Gene/Interaction Enrichment Options

[ Edge Link Files 55 (@) all () comman () Specific [ Merge Scores
Update ClusP edia Files / Craste Custorn ClusP =dia Files

() DownloadUpdats files (®) crasts Custom fils Start

Figure 22: Create file with custom interactions

After importing the data, the user can filter it, as explained in Expression data visualization.
Futher, several statistical tests can be applied to calculated interrelations for the entire file or for

selected genes only (Fig 23).

o CluePedia Enrichment File Creation ) X

Select input file (Correlation analysis will be dons on raws)

3-57_nermalColonMucosa.tit | | Qpen )

Found Genes: 21446 | Found TimeP sints/E xperiments: 22

Datasst fiter options

|_J Mumber of expariments prasent == 22

[ ] standard devistion ==

|| Mumber of experiments to pass: 22
Upper thrashold: ithin threshold
Lower threshold: beyond threshold

Test
Choose corralation types to calculate:

(W] Pearsansr ] Spearman'srank || Distance comslation [ | MG

Create gensfmiR correlation file for

(®) Whele inputfile () Selected nedes vawhale input fil= () Selected nodes

Set output file name and Start

' Sapiens-E-MTAB-57_normalColonMucosa Start

Figure 23: Create custom file with interaction data

Improvements of the data filtering starting with CluePedia v1.7
The user has to choose the column with unique identifiers (in the example, the column "NAME”)
that will be used to map and select markers.
Further, the user can import and analyse all expression data or just a part of it. Like this, it is
possible to investigate from a large dataset one or several experimental time points of interest.
New filtering options are available, to avoit long calculation time and the creation of large files
with results.
The user can set a threshold of the calculated correlation value to be saved in the files. Correla-
tions with an absolut value smaller than the set threshold are filtered out.
The interrelation is filtered out if:

a) one of the correlation values calculated using different statistical tests is smaller than the
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threshold (most stringent filtering out)

b) all correlations are smaller than the threshold

[ S ClusPediz Enrichment File Creation 2 X

Select input file (Correlation analysis will be done on rows)

‘EXAMPLE expressionData.txt { Open j

Found Genes: 21446 | Found TimeP cints/Experimerts: 22

Spacify the Columns to Import

Select at [east 3 experiments to analy... Select UniquelD € olumn:

i —

| Import )

D ataset filter options
] Murnber of experiments present == 12
| standard deviation >= ]
[] Number of expsriments te pass: & )

Upper thrashald: 3 5] () within thresheld

Lower threshold: 0 &) (®) beyond threshold
[ Test ) 13381 genes out of 21446 (62.4%) passed!

Choese carrelation types to calculate:

(] Fearsen'ar (] Spearmansvank [ | Distancs comelaion || Mic

Choose output filter criteria:
[f] Fiher resuks  Score< 0.2 E (®) one selection () All selected

Craste gene/miR corralation fils for:

() Whel= input fil= () Selacted nodes vs whele input file () Selected neds=s

Set output file name and Start

EXAMPLE_sxprassionData Start

Figure 24: Create custom file with interaction data, CluePedia v1.7+

Expression data from zip archives can be uploaded starting with CluePedia v1.7.1 (Fig 25).
For example, GEO expression matrix downloaded as zip archive can be uploaded in CluePedia

and directly used for correlation calculation or expression data visualization. CluePedia selects

”"’

automatically the data matrix. Commentary lines (marked with ”’!”’) are excluded.

Implemented statistical tests

Four correlation methods are implemented in CluePedia:
e Pearson correlation
e Spearman’s rank
e Distance correlation (DCOR) [2]
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Figure 25: CluePedia v1.7.1: expression data uploaded from zip archive

e Maximal information criteria (MIC) [3]. Using this method, four interrelation scores are

calculated:

MIC: reflects relationship strength

MAS: captures departure from monotonicity

MEV: shows closeness to being a function

MCN: captures complexity

Pearson and Spearman’s rank, measures of linear dependency between two variables, can
be applied for normal and not normal distributed data, respectively. DCOR and MIC reveal non
linear relationships.

The correlation analysis can be done simultaneously with all methods or with a selected
one, to avoid too long calculation time (MIC is particularly time and memory demanding).

Three levels of correlation analysis are possible:
e Whole input file. Correlation between all the genes from the custom file.

e Selected nodes vs all input file. Correlation between the selected node/nodes and the

other genes from the dataset.
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e Selected nodes. Correlation between the selected nodes only.

The correlation level selection depends on the analysis type. If the user wants to have an
overview of the data, the first choice is the best. Because it is time and memory consuming, this
option should be applied for a small dataset. In case of large datasets, the analysis can take very
long, so the correlation of selected nodes vs all dataset is recommended. This second option
is suitable for finding new genes that have a similar behavior/function with known genes. The
last option shows the degree of correlation of selected genes e.g. known to be involved in a

pathway.

O
MYC

Figure 26: Custom data, positive and negative correlation values

The time needed for correlation depends on the method and level selected, the number of
the genes and the computer power. A free memory bar helps to estimate the waiting time.

The resulting file is saved on the hard disk and included in CluePedia as an additional
resource useful for further analysis.

Correlation scores are shown on the network as edges. Negative correlation values are
represented as sinusoidal lines, for a better visibility (Fig 26). The user can visualize one or

several correlation scores.

Interactions visualization (edges)
Edge scores

Once an interaction file is selected, the score type contained is displayed (Fig 21d). A threshold
is automatically set to display the top interactions. This threshold as well as the color of the

edge are customizable (Fig 21e).
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Figure 27: Edge thickness

The edge thickness is scaled between max and min scores found among the set criteria. The

smallest score will be displayed as thinnest line (Fig 27).

Edge actions

STRING action file contains: activation, binding, expression, post translational modification
(ptmod). Each type of interaction is shown with a different color. The color and the threshold

are customizable.

Bdactivation e
[ binding T o)
[Jexpression TR
[ Jptmod o=l

Figure 28: Action types

Undirected edge filters

If several interaction types are selected, the user can display all, common or specific interactions

(Figures 30, 31):

e All. Displays all the edges found between genes under set criteria.
e Common. Displays interactions found in all selected files.

e Specific. Interactions found only in one file.
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Figure 29: Interaction information overlap

e Merged. Combines all scores between two genes into a new, summarizing score calcu-
lated based on the value of each of the interactions. The smallest merged score will be

the thinnest.

TotalScore =1 —[];_,(1 — Score;)

All edges )
DCN
XCL12
MYG,
HL%)-B ) cyéna
TPS:
—0 Q
KRTS APC CEACAMT
)

Merged edges DN

Y cL12
ﬂﬁx\\\l
a 8
HLAS ﬁ_/’cﬁcmt
TF53

L ) @
KRTS APC CEACAM7

Figure 30: Undirected edges: All vs Merged
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Common Edges Specific Edges

TP53

e _=lo o
oxcliz CXCRA APC Jel- -~
o ) ) o o
HLA-B DCN  CEACAM7 KRTS APC  CEACAM7
® @ ® ——o °
TP53 MYC KRT5 DCN CXCL12 CXCR4

Figure 31: Undirected edges: Common vs Specific

Directed edge filters

All types of action are selected by default (Fig 32a). The user can choose the type of directed

edge to display; e.g only activation (Fig 32b).

Directed Edges )= (= )= Directed Edges > (= L= J[—=
]
CDKNZA
@,
cok2
) O MYC CDKON].A
Mrc CDRN2A
[
CDK9 TP53
@ P53
CDKN1A
e
- CDK4 PI%'i
KRT5 PRG3 oKz
e ) [)
CDK4 KRTS CDK9
a) b)

Figure 32: Directed edge filters
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Download interactions for other organisms/Update interactions

The CluePedia plugin stores human and mouse interaction data. Precompiled files for other
organisms can be downloaded by the user (Fig 33). Files corresponding to the selected organism

will be proposed for download.

Gene/Interaction Enrichment Options .
New files are available for download
[E Edge Link Files (®) Al () Commen () Specific [_] Merge Scores

Update ClusPadia Files | Creates Custom ClusP adia Files

(®) DownloadiUpdate files () Creats Custom file start
Figure 33: Interaction data, advanced settings

New interaction files will be ready to download for each organism following new releases
of the databases used as source (Fig 34). The newly downloaded files will be added to the other
CluePedia resources. If there are no new files on the server, the user is informed. A deleted

CluePedia file can be uploaded again.

(o] New files to download:

Ghoose avallble files for dowload

w®

AAAAAA

Figure 34: Interaction data, advanced settings: update files

ClueGO+CluePedia functionality

CluePedia can be used in combination with ClueGO. In detail analysis of terms/pathways can
be done by creating nested networks corresponding to each of the pathways or by extracting

from the pathways genes related to the mapped genes.

Expand pathways in nested networks

This feature provides insights into pathways. All the genes included in the pathway will be

visualized in a nested network. Known and calculated interaction scores between those genes
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Figure 35: CluePedia: create nested networks

e Right mouse click on the pathway of interest, Create CluePedia Nested Network => a

nested network with all associated genes (Fig 35)

Initial genes mapped share the color of the term. The rest of the genes included in

the pathway are displayed in white.

The interaction scores used in the initial network will be automatically visualized in

the subnetwork. Genes not passing interaction score thresholds are not linked.

The terms expanded in a nested network will display a small network drawn on their

surface.

The focus on the nested network can be set by selecting the term (Right mouse click,

Go to CluePedia Nested Network)

If the subnetwork is not needed anymore, it should be deleted.
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Extract from pathways genes interracting with genes from initial list

After performing a ClueGO functional analysis, genes associated with terms can be visualized

together on the network.

() Showtarms (] showal ganss [ Show only salactsd ganss (] Show ail associated genes from tarms (] use corebral Layoue O shomesgression dets (2 o (5] (1)

Figure 36: ClueGO+CluePedia: visualization options

Several options for gene visualization are available (Fig 36):

Show all genes (Fig 37).

Show only selected genes (Fig 38).

Show all associated genes from terms (Fig 39).

Show only links to associated genes (Fig 40).
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Show only selected genes

Displays genes from the initial list found under the used ClueGO settings. The name of the
gene is colored in red. Terms and their genes share the color. If a gene is found in two or more

terms, it will have two or more colors. Terms are interconnected using kappa score, while genes

based on activation scores.
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Figure 37: ClueGO+CluePedia: functional terms and initial genes found
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Show all genes

Displays all genes included in each pathway/term. The names of the initial genes found are

displayed in red. For the rest of the genes, the name is written in black.
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Figure 38: ClueGO+CluePedia: Show all genes
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Show all associated genes from terms
This features applies if an interaction file is selected and scores are visualized on the network.
It is used to extract from the pathway nodes and visualize genes that have an interaction link
(known/calculated score) to the initial genes. The example figure was created using activation
score. Interconnections between those new genes are visualized as well.

E.g. ICAM1 is linked both, to CD40LG and CD40. CD40LG is linked to CD40.
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Figure 39: ClueGO+CluePedia: functional terms and all associated genes from terms
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Show only links to associated genes
This feature simplifies the interrelation view in regard to the initial genes compared to Show all
associated genes from terms. Suppresses the links between newly extracted genes from pathway

nodes. Only links between initial genes and the new genes are kept. E.g. [CAMI is linked both,
to CD40LG and CD40. The link between CD40LG and CD40 is not shown.
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Figure 40: ClueGO+CluePedia: functional terms, links to initial genes only
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How to...

To run those examples CluePedia and ClueGO plugins have to be saved in the .plugin folder of

Cytoscape. ClueGO+CluePedia can be found under the Cytoscape Plugins menu.

Visualize known interactions
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Figure 41: Visualize known interactions

e Select Analysis Mode: Gene
e Keep Standard Settings:

— Cluster Analysis Type: Single
— Organism: Homo Sapiens

— ID type: Automatic
e Gene Cluster source: Text Field
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e Copy/type genes: MYC, TP53, HLA-B, IL8, CXCR4, CXCLI12.

e Start the analysis => Genes are mapped as nodes of the network. A table with gene

synonyms is created.
e Select CluePedia panel
e Optional Select: Use Cerebral layout to see chromosomal location of the genes
e Select the interaction source file: CluePedia STRING ACTIONS
e Select Action types to visualize: all actions, all scores

e Update network => Known action scores (activation, binding, expression) between genes
are visualized as edges of the network. Edges are scored between the min and max scores

found. The smallest score is the thinnest.
e Set the binding score to 0.9.

e Update network => Only the binding score > 0.9 is visualized on the network.

Calculate interactions between markers using experimental data

e Select Analysis mode Gene/miRNAs
e Paste genes in Text field

e Click Start

e Select genes from the network

e Expand Edge Link Files

e Select Create Custom File

e Click Start
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Figure 42: Visualize known interactions

format description.

17 Click Update

Set filters (Filters are described in Expression data visualization section)

Select Pearson and Distance correlation methods

Choose the type of analysis: Selected Nodes only

Set the name of the new file

Start calculation.

=> The new file with calculated correlation is added as resource to
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CluePedia.
e Select edges to visualize (Pearson and Distance correlation)
e Set scores: 0.4

e Click Update => Calculated interrelations between genes will be visualized.

Make gene/miRNA enrichment

New markers, related to the genes/miRNAs from the network can be extracted from interaction
files using the enrichment function of CluePedia. The enrichment can be done based on one
(recommended) or several interaction scores.

From source files are initially extracted all scores corresponding to selected genes/miRNAs,
sorted based on their value and then the top ones are visualized. Scores having the same value
are alphabetically sorted and only the number of the markers set by the user is shown. Because
of this, is possible that some interactions passing the score value threshold are not visualized. An
enrichment with a higher number of markers could bring all interactions above the set threshold

in the network. Validated miRNAs have the score 1.

Find new related genes

e Upload genes of interest in CluePedia

Select CluePedia STRING EXPERIMENTAL file

Select expression score

Set score value: 0.8

Select genes from the network

Click Enrich. => Enrichment dialog
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Figure 43: Find new related genes

o Keep predefined settings (All Selected genes, All, 10 genes, yellow color). => top 10

scored genes related to all selected genes.
e Select MYC

e Enrich. Set the number of the new genes to 5 and blue color for the nodes. => next 5 top

scored genes related to MYC are added to the network.

Find miRNAs predicted/validated to bind genes of interest

e Upload genes of interest in CluePedia

e Select CluePedia miRanda miRNAs file and miRanda SCORE (0.6)

e Select genes from the network

e Select CluePedia mirecords.umn.edu miRNAs file and validated miRNA score (all, 0)

e Update. Shows which of the miRanda predicted interactions (green edges) were validated
(brown edges). A single interaction from the predicted ones was validated. To find other

validated miRNA/gene interactions:
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Figure 44: Find predicted/validated miRNAs

e Unselect miRanda SCORE
e Set validated miRNA score to 0
e Select MYC

e Enrich. Set: 5 miRNAs, node color brown. => top 5 scored miRNAs binding to MYC
are added.

e Select miRanda SCORE

e Update

Find functions that could be affected by miRNAs

e Select Analysis mode Gene/miRNAs

e Paste miRNAs in CluePedia
(e.g. hsa-miR-20a, hsa-miR-31, hsa-miR-143, hsa-miR-145)

e Click Start
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e Select all 4 miRNASs from the network

e Select CluePedia miranda miRNAs file and miRanda score (0.6)
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Figure 45: Target genes of hsa-miR-20a, hsa-miR-31, hsa-miR-143, hsa-miR-145

e Click Enrich => Enrichment dialog

e Select Each selected gene/miRNAs,

e Set 20 genes. Keep the other standard settings.

e Click Start => top 20 predicted target genes corresponding to each miRNA.
e Select all miRNAs and genes (Ctrl-A)

e Click Functions (ClueGO+CluePedia panel)

e Click Network (Get genes from network)

e Click Load Attributes

e Select GOIDO (Check in the Node attribute panel the name of the column containing the
ids)

e Choose Cluster (Upload the selected genes/miRNAs)
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Figure 46: Network showing the biological role of target genes of hsa-miR-20a, hsa-miR-31,
hsa-miR-143, hsa-miR-145

e Select Reactome

e Click Show Advanced Settings

e Set 2 gene/term.

e Set 0 perc/term. Keep all the other standard settings

e Click Start

=> Network with functions associated with target genes.

Enrich a network showing two lists of genes/miRNAs

Enrichments can be done on a network comparing two lists of genes/miRNAs. This kind of
network displays nodes colored in the selected gradient (e.g. red-white-green).
The new genes showed as white nodes, will have a colored border corresponding to the enrich-

ment color.
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Figure 47: Network showing enrichment for two lists of genes (red, green)

Switch the network and pathway-like view

Click the ”Use Cerebral layout” selection box. The genes from the network (Fig 48a) will
automatically displayed in cellular compartments (Fig 48b). Note: the Cerebral layout allows a

single edge type betweent the nodes.
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Figure 48: Switch between the network and pathway-like view
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Upload new available example and ontology files or new organisms

Under analysis mode “Functions”, click the ”Show New Available Download Options”(Fig 49).

ClueG0 vw1.7.1 + CluePediawvl.2.1
Analysis Mode

) Gene/miRNA
Cluster Analysis Type
@ single () Compare

Load Gene Cluster List(s)

| Homo Sapiens T] | # Automatic # -]
() File ) Text Field ) Network
Choose Cluster #1

ClueGO Settings

Select Ontology Evidence [ |

Type | Name | Date Cndl

BiclogicalProcess 23.0... 13
GO CellularComponent 23.0... ) All_Expe...
GO ImmuneSystemPr... 23.0...[7 All_witho..

GO MolecularFunction 23.0..|¥ | |EXP (Inf... ¥

[ show Ontology Update Options
Show New Available Downloads Optl
Dewhload New E;\amplefAddRIoha\ Files
New Available Files

() Exampls data @ Ontologies () Organisms
ClueGO Repository Download

| Download

Figure 49: Upload new available example and ontology files or new organisms

See node and edge attributes

See node/edge attributes: Select nodes/edges of interest, select Cytoscape Node/Edge Attribute
Browser, Select All Attributes

Data format

Data file specification: first two columns should contain IDs, the rest is data. Each column
should have unique name. Any kind of data can be visualized.

Data file format starting with CluePedia v1.7
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IDs:

Column 1 and 2

Data

e —
NAME Symbol C_B‘HCEIL\IT‘.‘ 1 gncerune 2 cggigerune 3normal 1 normal 2 normal 3
206328_at CDH15 2.26 2.24 2.30 2.30 2.30 2.29
206327 _s_at CDH15 234 229 257 229 233 231
206517 _at CDH16 184 1.80 182 1.79 1.86 1.93
209847 _at CDH17 2.27 2.29 2.27 10.87 1112 7.67
206280_at CDH18 2.42 2.40 251 2.40 2.41 2.47
206898 _at CDH19 3.47 331 3.73 4.04 415 114
203440_at CDH2 2.91 2.81 2.86 2.79 2.88 411

Files containing one or several columns with identifiers can be uploaded. The order of identi-

fier columns in the file is not important. Important is that one of those columns has to contain

Figure 50: Data file format

unique identifiers (no duplicate ids).

The column names should be unique as well. All columns containing numerical data will be
considered as experiments. When analyzing the entire dataset, it is important to exclude numer-

ical identifiers e.g. entrezGenelDs.

Symbol
15E1.2
2-PDE
3.81
76P

76P
A2BPL
AZM
A4GALT

UniquelD
214711 at
214826_at
214186_s_at
211337_s_at
213266_at
221217 s at
217757_at
219488 at

otherlDl

otheriD1-1
otherlDl-2
otherlD1-3
otheriD1-4
otherlD1-5
otherlD1-6
otherlDl-7
otherlD1-8

otherlD2
otherlD2-1
otherlD2-2
otheriD2-1
otherlD20
otherlD21
otherlD22
otherlD23
otheriD24

controll |control2 timel-1 timel-2 time2-1 time2-2 time3-1 time3-2

4.32
4.55
453
275
2.56
221
10.73
291

5.25
4.86
4.59
2.96
264
2.26
10.25
2.96

1

5.44
571
4.99
277
281
237
077
2.99

6.20
4.55
4.81
2.79
2.91
2.32
9.11
2.92

4.18
4.12
4.22
3.02
3.47
2.16
11.84
281

5.58
4.37
4.54
2.87
2.06
2.22
9.18
3.59

6.41
6.65
7.60
4.47
2.83
2.62
7.09
3.08

Figure 51: Data file format starting with CluePedia v1.7

Publicly available expression data

Gene Expression Omnibus (GEO, [12]) and ArrayExpress ([13]) are repositories for large scale
experiments. Raw or normalized expression data, as well as supporting information like ex-

periment description or sample annotation can be downloaded. For data interpretation is very

important to understand the experimental conditions used.

Public available data from GEO and ArrayExpress can be uploaded in ClueGO as data

5.07
5.06
492
2.85
258
223
9.55
2.88

matrix or after the integration of annotations, in concordance with CluePedia format.
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CluePedia example is based on publicly available microarray data downloaded from Array-
Express: accession numbers:
E-MTAB-863, Link: http://www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-863
E-MTAB-57, Link: http://www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-57

From those datasets 22 normal colon mucosa (E-MTABS57) and 57 tumor samples from
stage III colorectal cancer patients (E-GEOD-37892) were selected. Data was formatted in

CluePedia format. Those files can be downloaded using the download/update function.

Organism and ID types

The CluePedia plugin stores human and mouse interaction data. The user interested in other
organisms can download automatically precompiled files from our website. The download has
to be done once, and the time to download differs from organism to organism, depending on the
data size. Interaction data will be updated at each new release of the sources used. Data for 20
organisms are available, and upon request other organisms can be added. The ClueGO plugin
v1.5 contains 23 organisms.

CluePedia recognizes automatically gene and protein identifiers, symbols, synonyms: Ac-
cessionIDs, Affymetrix IDs, EnsProtID, EnsGene/TranscriptID, EntrezGenelD, GI, IPI, RefSe-
qID Protein, UniProtKB_AC, UniProtKB_ID, SymbolID, SWIS_ID. The automatical recogni-
tion of the ID types is made using the provided ID index file. This file stores entrez gene ids and
symbols and allows fast analysis and synonyms detection. The ID index file can be extended
with custom IDs by the user. Using the ID index file, the user query list containing a mixture of

symbol types will be automatically mapped.

Update Ontologies and Interaction data

ClueGO and CluePedia allow an up to date analysis at any time.
The update functions provide an easy integration of the most recent ontology and infor-

mation. The source files are automatically downloaded and based on this, new precompiled
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Figure 52: CluePedia v1.7, organisms and data sources

files are created. The new created files are added to initially provided files in the .cluegoplugin
folder. If this folder is deleted or damaged, it will be restored with the initial configuration at
the first run of the plugins.

At each new release of the data sources, new CluePedia precompiled files will be prepared
and made available for download on our website (http://www.ici.upmc.fr). The user will be able
to automatically download the files corresponding to the organism of interest.

ClueGO uses GO, KEGG and REACTOME data and other resources. The latest version of
the plugin provides new ontologies: Plant Ontologies (PO), CORUM, SGD, MetaCyc data and
WikiPathways. The downloaded data is precompiled in ClueGO format.

The update function of ClueGO was extended. Beside the update of GO and KEGG, is now
possible to automatically update REACTOME. GOSlim and PO information is updated in the
same time with GO (option mentioned in .properties file). ClueGO Documentation describes in

detail the ontology and annotation sources used.
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The custom GO ontologies (branches of GO) created by the user from a GO term of interest
are updated in the same way as GO provided files.
An important new feature is the update of the ID Index file that will provide the latest gene

information, as compiled from most recent NCBI resouses that are accessed during the update.

Ontologies and in silico data sources

CluePedia and ClueGO plugins contain or provide precompiled files based on the following

sources:

e The Gene Ontology (GO) project [8] aims to capture the increasing knowledge on gene
function in a controlled vocabulary applicable to all the organisms. GO describes gene
products in terms of their associated biological processes, cellular components and molec-
ular functions.

Link: http://www.geneontology.org/

e Kyoto Encyclopedia of Genes and Genomes (KEGG) [9] is a database of biological sys-
tems that integrates genomic, chemical and systemic functional information.
Link: http://www.genome.jp/kegg/
The information from KEGG is now updated over the REST-style version API since the
older SOAP API will be discontinued after Dec. 31 2012.

(http://www.kegg.jp/kegg/rest/keggapi.html)

e REACTOME [14, 15] is an open-source, open access, manually curated and peer-reviewed
pathway database.
Link: http://www.reactome.org/
XML Reactome data is downloaded as:

http://www.reactome.org/download/current/ReactomeToBioSystems.zip

e STRING, database of known and predicted protein interactions, provides direct (phys-

ical) and indirect (functional) associations [4, 5]. STRING version 9.0, available at
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http://string.embl.de/, covers more than 1100 organisms. Link: http://string-db.org/

miRBase is the primary online repository for all microRNA sequences and annotation [6].
miRBase version 16, contains over 15,000 microRNA gene loci in over 140 species, and
over 17,000 distinct mature microRNA sequences.

Link: http://www.mirbase.org/

miRecords [7] is a resource for animal miRNA-target interactions. miRecords consists
of two components. The Validated Targets component is a large, high-quality database
of experimentally validated miRNA targets resulting from meticulous literature curation.
The Predicted Targets component of miRecords is an integration of predicted miRNA
targets produced by 11 established miRNA target prediction programs.

Link: http://mirecords.umn.edu/miRecords/

The Plant Ontology (PO) [16] is a controlled vocabulary that describes plant anatomy and
morphology and stages of development for all plants.

Link: http://www.plantontology.org/

The CORUM database [17] (MIPS) provides a resource of manually annotated protein
complexes from mammalian organisms. Annotation includes protein complex function,
localization, subunit composition, literature references and more. All information is
obtained from individual experiments published in scientific articles, data from high-
throughput experiments is excluded.

Link: http://mips.helmholtz-muenchen.de/genre/proj/corum

The Saccharomyces Genome Database (SGD) [18] provides comprehensive integrated
biological information for the budding yeast Saccharomyces cerevisiae.

Link: http://www.yeastgenome.org/

Cyc2008 [19] provides an up-to-date reference set of yeast protein complexes for both
experimental biologists who work on yeast protein complexes and computational biolo-

gists who are interested in predicting protein-protein interactions and protein complexes
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in yeast.

Link: http://wodaklab.org/cyc2008/

MetaCyc [20] is a database of nonredundant, experimentally elucidated metabolic path-
ways.

Link: http://metacyc.org/

WikiPathways [21] a public wiki for pathway curation.

Link: http://www.wikipathways.org

IntAct [22] provides a freely available, open source database system and analysis tools for
molecular interaction data. All interactions are derived from literature curation or direct
user submissions and are freely available.

Link: http://www.ebi.ac.uk/intact/

MiMI (Michigan Molecular Interactions) [23] provides access to the knowledge and data

merged and integrated from numerous protein interactions databases.
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